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(57) ABSTRACT

One or more apparatus and method for adaptively detecting
motion instability in video. In embodiments, video stabiliza-
tion is predicated on adaptive detection of motion instability.
Adaptive motion instability detection may entail determining
an initial motion instability state associated with a plurality of
video frames. Subsequent transitions of the instability state
may be detected by comparing a first level of instability
associated with a first plurality of the frames to a second level
of instability associated with a second plurality of the frames.
Image stabilization of received video frames may be toggled
first based on the initial instability state, and thereafter based
on detected changes in the instability state. Output video
frames, which may be stabilized or non-stabilized, may then
be stored to a memory. In certain embodiments, video motion
instability is scored based on a probability distribution of
video frame motion jitter values.

18 Claims, 9 Drawing Sheets
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1
ADAPTIVE MOTION INSTABILITY
DETECTION IN VIDEO

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional
Application 61/829,417, filed on May 31, 2013 and titled
“ADAPTIVE SHAKINESS DETECTION FOR VIDEO
STABILIZATION.”

BACKGROUND

A graphics engine, graphics processing unit (GPU), or
visual processing unit (VPU), is a specialized electronic cir-
cuit designed to rapidly manipulate and alter memory to
accelerate the creation of images in a frame buffer typically
intended for output to a display. GPUs may be found in
embedded systems, mobile phones, tablets, notebook com-
puters, high performance computation (HPC) servers, and
game consoles. In addition to manipulating computer graph-
ics, a highly parallel architecture also enables a GPU to more
generally perform processing of large blocks of video stream
and image data in parallel.

Video cameras are now ubiquitous in mobile electronic
media devices. Video cameras are available in wearable form
factors (e.g., video capture earpieces, video capture headsets,
video capture eyeglasses, etc.), as well as embedded within
smartphones, tablet computers, and notebook computers, etc.
In many circumstances, these devices capture image
sequences (i.e., video) under non-ideal conditions and the
acquisition equipment is highly constrained by the mobile
form factor. For example, in situations such as filming from a
moving vehicle or using an unsteady hand, many videos show
a high degree of undesirable motion instability or motion
jitter (i.e., shakiness). Even videos acquired in less severe
conditions often show undesirable shaking.

Video stabilization aims at removing undesired shaky
motion from videos. Although some capture devices provide
mechanical image stabilization, image processing techniques
are often employed in the alternative, or in addition to,
mechanical stabilization. Such image processing techniques
typically involve calculating image motion and performing
some form of frame warping to counter the calculated image
motion. Stabilization via image processing can however
severely degrade the visual quality of an input video, particu-
larly where the input video does not suffer significant motion
instability, or where the stabilization algorithm relies on
assumptions ill-suited to the input video.

Image processing-based motion stabilization might be
advantageously enabled only as needed based on a motion
sensor, such as gyroscope and/or accelerometer. However,
such a front-end solution can be readily applied only by the
capture device, which often may not have the needed process-
ing resources and/or secondary sensor capability.

BRIEF DESCRIPTION OF THE DRAWINGS

The material described herein is illustrated by way of
example and not by way of limitation in the accompanying
figures. For simplicity and clarity of illustration, elements
illustrated in the figures are not necessarily drawn to scale.
For example, the dimensions of some elements may be exag-
gerated relative to other elements for clarity. Further, where
considered appropriate, reference labels have been repeated
among the figures to indicate corresponding or analogous
elements. In the figures:
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FIG. 1A is a functional block diagram of a video transmis-
sion architecture, in accordance with an embodiment;

FIG. 1B is a functional block diagram of a video stabiliza-
tion system, which may be employed within the video trans-
mission architecture depicted in FIG. 1A, in accordance with
an embodiment;

FIG. 2 is a flow diagram illustrating a method of adaptive
motion instability detection for video stabilization, in accor-
dance with an embodiment;

FIG. 3 is a flow diagram illustrating a method of adaptively
toggling video stabilization based on motion instability
states, in accordance with an embodiment;

FIG. 4 is a flow diagram illustrating a method of determin-
ing an initial video motion instability state and monitoring for
transitions in the instability state, in accordance with an
embodiment;

FIG. 5 is a data flow diagram illustrating processing of
video to determine an initial video motion instability state, in
accordance with an embodiment;

FIG. 6 is a state diagram illustrating state transitions moni-
tored by an adaptive motion instability detection system, in
accordance with an embodiment;

FIG. 7 is a data flow diagram illustrating processing of
video to monitor a transition in video motion instability state,
in accordance with an embodiment;

FIG. 8 is a diagram of an exemplary system, in accordance
with an embodiment; and

FIG. 9 is a diagram of an exemplary system, arranged in
accordance with an embodiment.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

One or more embodiments are described with reference to
the enclosed figures. While specific configurations and
arrangements are depicted and discussed in detail, it should
be understood that this is done for illustrative purposes only.
Persons skilled in the relevant art will recognize that other
configurations and arrangements are possible without depart-
ing from the spirit and scope of the description. It will be
apparent to those skilled in the relevant art that techniques
and/or arrangements described herein may be employed in a
variety of other systems and applications beyond what is
described in detail herein.

Reference is made in the following detailed description to
the accompanying drawings, which form a part hereof and
illustrate exemplary embodiments. Further, it is to be under-
stood that other embodiments may be utilized and structural
and/or logical changes may be made without departing from
the scope of claimed subject matter. Therefore, the following
detailed description is not to be taken in a limiting sense and
the scope of claimed subject matter is defined solely by the
appended claims and their equivalents.

In the following description, numerous details are set forth,
however, it will be apparent to one skilled in the art, that
embodiments may be practiced without these specific details.
Well-known methods and devices are shown in block diagram
form, rather than in detail, to avoid obscuring more significant
aspects. References throughout this specification to “an
embodiment” or “one embodiment” mean that a particular
feature, structure, function, or characteristic described in con-
nection with the embodiment is included in at least one
embodiment. Thus, the appearances of the phrase “in an
embodiment” or “in one embodiment” in various places
throughout this specification are not necessarily referring to
the same embodiment. Furthermore, the particular features,
structures, functions, or characteristics described in the con-
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text of an embodiment may be combined in any suitable
manner in one or more embodiments. For example, a first
embodiment may be combined with a second embodiment
anywhere the particular features, structures, functions, or
characteristics associated with the two embodiments are not
mutually exclusive.

As used in the description of the exemplary embodiments
and the appended claims, the singular forms “a”, “an” and
“the” are intended to include the plural forms as well, unless
the context clearly indicates otherwise. It will also be under-
stood that the term “and/or” as used herein refers to and
encompasses any and all possible combinations of one or
more of the associated listed items.

As used throughout the description, and in the claims, a list
of items joined by the term “at least one of” or “one or more
of” can mean any combination of the listed terms. For
example, the phrase “at least one of A, B or C” can mean A;
B;C;Aand B;Aand C; B and C; or A, B and C.

The terms “coupled” and “connected,” along with their
derivatives, may be used herein to describe functional or
structural relationships between components. It should be
understood that these terms are not intended as synonyms for
each other. Rather, in particular embodiments, “connected”
may be used to indicate that two or more elements are in direct
physical, optical, or electrical contact with each other.
“Coupled” may be used to indicated that two or more ele-
ments are in either direct or indirect (with other intervening
elements between them) physical, optical, or electrical con-
tact with each other, and/or that the two or more elements
co-operate or interact with each other (e.g., as in a cause an
effect relationship).

Some portions of the detailed descriptions provide herein
are presented in terms of algorithms and symbolic represen-
tations of operations on data bits within a computer memory.
Unless specifically stated otherwise, as apparent from the
following discussion, it is appreciated that throughout the
description, discussions utilizing terms such as “calculating,”
“computing,” “determining” “estimating” “storing” “collect-
ing” “displaying,” “receiving,” “consolidating,” “generat-
ing,” “updating,” or the like, refer to the action and processes
of'a computer system, or similar electronic computing device,
that manipulates and transforms data represented as physical
(electronic) quantities within the computer system’s circuitry
including registers and memories into other data similarly
represented as physical quantities within the computer sys-
tem memories or registers or other such information storage,
transmission or display devices.

While the following description sets forth embodiments
that may be manifested in architectures such system-on-a-
chip (SoC) architectures or GPU architectures for example,
implementation of the techniques and/or arrangements
described herein are not restricted to particular architectures
and/or computing systems and may be implemented by any
architecture and/or computing system for similar purposes.
Various architectures employing, for example, multiple inte-
grated circuit (IC) chips and/or packages, and/or various
computing devices and/or consumer electronic (CE) devices
such as set-top boxes, smartphones, etc., may implement the
techniques and/or arrangements described herein. Further,
while the following description may set forth numerous spe-
cific details such as logic implementations, types and inter-
relationships of system components, logic partitioning/inte-
gration choices, etc., claimed subject matter may be practiced
without such specific details. Furthermore, some material
such as, for example, control structures and full software
instruction sequences, may not be shown in detail in order not
to obscure the material disclosed herein.
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Certain portions of the material disclosed herein are imple-
mented in hardware, for example as logic circuitry in a graph-
ics processor. Certain other portions may be implemented in
hardware, firmware, software, or any combination thereof. At
least some of the material disclosed herein may also be imple-
mented as instructions stored on a machine-readable
medium, which may be read and executed by one or more
processors (graphics processors and/or central processors). A
machine-readable medium may include any medium and/or
mechanism for storing or transmitting information in a form
readable by a machine (e.g., a computing device). For
example, a machine-readable medium may include read only
memory (ROM); random access memory (RAM); magnetic
disk storage media; optical storage media; flash memory
devices; electrical, optical, acoustical, or other similarly non-
transitory, tangible media.

One or more system, apparatus, method, and computer
readable media are described below for adaptive motion
instability detection in video. In the exemplary embodiments
described in detail below, image processing-based video sta-
bilization is predicated on the adaptive motion instability
detection. However, the adaptive motion instability detection
techniques and systems described herein may also be utilized
in other application spaces. Adaptive motion instability
detection may entail determining an initial motion instability
state associated with a plurality of video frames. Subsequent
transitions of the instability state may then be detected by
comparing a first level of instability associated with a first
plurality of the frames to a second level of instability associ-
ated with a second plurality of the frames. Motion stabiliza-
tion processing of received video frames may be toggled first
based on the initial instability state, and thereafter based on
detected changes in the instability state. Output video frames,
which may be stabilized or non-stabilized, may then be stored
to a memory. In certain embodiments, video motion instabil-
ity is scored based on a probability distribution of video frame
motion jitter values.

FIG. 1A is a functional block diagram of video transmis-
sion architecture 101, in accordance with an embodiment.
Architecture 101 includes a video capture device 103 and a
video display device 104 either coupled directly together, or
coupled together through video cloud service 125. Capture
device 103 includes an adaptive video stabilization system
115A. Adaptive video stabilization system 115A receives as
an input a video stream output by video capture pipeline 105.
Stabilized video output by video stabilization system 115A is
passed to encoder 116. Encoded video is then stored in video
storage 120 for subsequent playback, and/or for transmission
to cloud video service 125. Cloud video service 125 may then
process the encoded video, for example passing the video
through video stabilization system 115B. Display device 104
receives encoded video, which is passed through decoder
126. Image quality of a decoded video stream is improved by
processing in de-noise/image enhancer 127. Adaptive video
stabilization system 115C receives an input video stream
output by de-noise/image enhancer 127. Stabilized video is
then output to video memory and/or display 128.

In embodiments, one or more of adaptive video stabiliza-
tion systems 115A, 115B, or 115C include processor logic to
detect the presence of video motion instability based solely
onimage processing. In further embodiments, one or more of
video stabilization systems 115A, 115B, or 115C include
video processor logic to apply image stabilization processes
selectively to video in response to detecting such motion
instability. Motion instability detection and stabilization may
be performed as part of a post-production process, for
example by either adaptive video stabilization system 115A
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or 115B. Advantageously however, instability detection and
stabilization as described herein may be performed substan-
tially in real time, for example by adaptive video stabilization
system 115C, as video display device 104 performs video
play back. For embodiments where more than one of adaptive
video stabilization systems 115A, 115B, and 115C perform
image-based instability detection and stabilization, various
associated detection and stabilization parameters may be
specified for each, allowing for multiple levels of stabilization
particular to guidelines chosen by managers of the respective
systems.

FIG. 1B is a functional block diagram of a video stabiliza-
tion system 118, in accordance with an embodiment. Adap-
tive video stabilization system 118 may be employed as a
component of any of video stabilization systems 115A, 115B,
or 115C. Adaptive video stabilization system 118 receives
video from video input pipeline 105, the components of
which may vary with the context in which adaptive video
stabilization system 118 is implemented. Video is input into
image-based video stabilization subsystem 117, which in the
exemplary embodiment further includes motion estimator
130 and motion compensator 190. Motion estimator 130
includes logic (circuitry) to determine an estimate of global
motion in the input video stream, for example across sequen-
tial frames based on regions perceived as background, etc.
Motion compensator 190 includes logic to reduce or elimi-
nate motion instability from the video stream, for example by
applying one or more frame warping algorithms. Generally,
any motion estimation and any motion compensation may be
performed by video stabilization subsystem 117. For embodi-
ments herein however, compensation of estimated motion is
conditioned on, or predicated upon, a detection of motion
instability. As further shown in FIG. 1B for example, output
from motion estimator 130 is analyzed by adaptive motion
instability detector 140, with motion compensation per-
formed by motion compensator 190 predicated on a detection
of motion instability within the input video. As such, motion
compensation is made selective to motion-instable video
frames. For any given video input, video stabilization sub-
system 117 may pass either, or both, motion stabilized and
non-stabilized video portions to video output pipeline 195.
Video output pipeline 195 may include memory (e.g., one or
more frame buffers) and one or more displays (e.g., LCD,
etc.).

In exemplary embodiments, video motion instability
detection is adaptive including both an initial instability state
detector 150 and an instability state transition detector 170.
Initial instability state detector 150 includes logic to deter-
mine a level of motion instability in an input video and then to
initiate motion compensation, or not, based on an initial insta-
bility threshold. Motion compensator 190 is to apply video/
image stabilization algorithm(s) to video frames (or not) until
such compensation is toggled by instability state transition
detector 170 in response detecting a change in video motion
instability. In embodiments, as described further below, insta-
bility state transition detector 170 includes logic to compare a
first level of instability associated with a first plurality of
video frames with a second level of instability associated with
a second plurality of frames. An independent threshold may
be applied to this comparison. In exemplary embodiments,
both initial instability state detector 150 and instability state
transition detector 170 are coupled to jitter value buffer 145
and include logic to utilize jitter values from buffer 145 in
their respective functions, as is described further below. With
this adaptive video stabilization architecture, motion com-
pensation may be advantageously turned “on” promptly (e.g.,
within a few tens of frames) and also turned “on” and “off” as
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needed throughout the duration of a video, which may com-
prise many thousands of frames. The ability to adapt to
changes in video motion instability substantially in real time
may advantageously reduce the possibility that motion com-
pensator 190 performs unnecessarily and/or to the detriment
of image quality.

FIG. 2 is a flow diagram illustrating a method 201 of
adaptive motion instability detection for video stabilization,
in accordance with an embodiment. In an embodiment,
method 201 is performed by adaptive video stabilization sys-
tem 118. Method 201 begins with receiving input video
frames at operation 205. Global motion is estimated at opera-
tion 230. Global motion estimation entails finding the domi-
nant motion vector between adjacent video frames (e.g.,
between a pair of consecutive frames). Many algorithms are
known for analyzing video to arrive at an estimate of domi-
nant motion between frames, and embodiments describe
described herein are not limited in this respect. At operation
235, camera trajectory smoothing is performed. For smooth-
ing operation 235, a smoother camera motion vector trajec-
tory is determined based on the global motion estimates com-
puted at operation 230. This trajectory may be considered the
result of applying a low pass filter to the estimated camera’s
motion.

At operation 240 motion instability within the video is
monitored and/or detected via analysis of video frames. In
one exemplary embodiment, operation 240 entails a compu-
tation of motion jitter values for one or more frames. As an
example, motion jitter values may be determined for a given
frame by subtracting out the smoothed camera trajectory
computed at operation 235 from the actual position associ-
ated with the video frame. As shown in FIG. 2, method 201
either proceeds to frame warping operation 290 or bypasses
application of such image stabilization as conditioned on the
motion jitter value(s). While any frame warping technique
may be applied at frame warping operation 290, it is noted
than many techniques rely, at least in part, on motion jitter
values to determine the proper image filter. Whereas, stabili-
zation typically utilizes motion jitter values on a frame-by-
frame basis, in embodiments herein motion instability detec-
tion is facilitated by buffering motion jitter values (e.g., in
jitter value buffer 145) over a larger number of frames (e.g.,
many tens of frames). In embodiments therefore, motion jitter
values are employed for assessing the need for video stabili-
zation and/or conditioning application of video stabilization,
as well as for actually stabilizing the frame. Consequently,
adaptive motion instability detection may require minimum
addition computational complexity beyond that of' basic non-
adaptive and/or non-conditional video stabilization. Method
201 completes with storing output video frames (e.g., stabi-
lized, and/or unstabilized) to a (video) memory at operation
295.

FIG. 3 is a flow diagram illustrating a video processing
method 301 with adaptive toggling of video stabilization
based on motion instability states, in accordance with an
embodiment. In an embodiment, method 301 is performed by
adaptive video stabilization system 118. Method 301 is one
exemplary embodiment of motion instability detection opera-
tion 240 and in a further embodiment is performed by adap-
tive motion instability detector 140. Method 301 begins with
receiving video frames at operation 305. From one or more of
the recited video frames, an initial state of motion instability
is determined at operation 330. In embodiments, a determi-
nation of the initial motion instability state is based on a single
analysis window spanning a predetermined number of
received frames. Within this window, a motion instability/
stability score is computed and that score may be thresholded
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to determine the initial instability state. At operation 334,
received video frames are then monitored for a transition in
the motion instability state by comparing a first level of insta-
bility associated with a first subset of the received frames with
a second level of'instability associated with a second subset of
the received frames. In other words, at least two motion
instability assessments are made based on two windows span-
ning some number of frames within different portions of the
received video. At operation 340, video stabilization is
toggled based on both the initial instability state and on insta-
bility state transitions. The initial motion instability state may
be fixed or “locked” based on the instability/stability score
determined at operation 330. Image processing-based video
stabilization is either applied, or not, to received video frames
until any instability state transition is detected at operation
335, at which point image processing-based video stabiliza-
tion is either discontinued or introduced. Transitions are then
continually monitored via operation 335 over all the received
video frames with application of video stabilization at opera-
tion 340 tracking detected video motion instability transi-
tions. For example, if an instability score determined at opera-
tion 330 satisfies a threshold and the initial instability state is
therefore deemed unstable, or “shaky,” video stabilization is
toggled at operation 340 to apply image stabilization process-
ing to the received frames until toggled off at operation 340 in
response to detecting any instability state transition at opera-
tion 335. If instead the instability score determined at opera-
tion 330 fails to satisfy a threshold and the video frames
deemed stable, video stabilization is toggled such that
received frames bypass image stabilization processing until
toggled again in response to any instability state transition
detected at operation 335.

FIG. 4 is a flow diagram illustrating a method 401 of
determining an initial video motion instability state and
monitoring for transitions in the instability state, in accor-
dance with an embodiment. The method 401 illustrates one
exemplary embodiment of operations 330 and 335 illustrated
in FIG. 3. Method 401 begins with receiving input video
frames at operation 205. At operation 410 jitter values are
computed, for example, based on residual motion vectors
determined from global motion estimates and low-pass fil-
tered camera trajectories. Such jitter values are buffered as
they are computed with each incoming frame. With each
additional input frame, the number of jitter values buftered is
compared against a predetermined jitter value count thresh-
old (m) to conditionally branch between a first algorithm for
determining an initial video motion instability state and a
second algorithm for monitoring video motion instability
state transitions. The predetermined jitter value count thresh-
old m may be a programmable parameter, for example select-
able by an application layer and configurable through a video
processor driver. A smaller jitter value count threshold m may
allow more rapid application of video motion stabilization
(i.e., stabilization at a lower frame number) while a larger
number may improve confidence in the initial state determi-
nation. Exemplary jitter value count thresholds are between
40 and 200 frames.

If'thejitter value count threshold m is not yet satisfied (e.g.,
count is less than m), method 401 proceeds to operation 430,
where the initial level of motion instability is determined.
This initial level is then thresholded to determine the initial
instability state. Where the initial level satisfies the threshold,
the initial video instability state (State,) is deemed “shaky.”
Where the initial level fails to satisfy the threshold, State, is
deemed “not shaky.” The predetermined initial state threshold
may again be a programmable parameter, for example select-
able by an application layer and configurable through a video
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processor driver. In embodiments, operation 430 entails
determining an instability score for at least some of the first
plurality of video frames that are collected up to reaching the
jitter value count threshold m. Each instability score is indica-
tive of motion jitter values associated with a predetermined
number of prior video frames (n). The motion instability
score may be determined at operation 430 over some number
of subsets with the m jitter values. Depending on the number
of jitter values in the subset relative to the jitter value count
threshold m, any number of instability scores may be gener-
ated at operation 430. Where m and n are equal for example,
one instability score determined at operation 430 may be
thresholded to determine the initial instability state. In the
event that m is larger than n, a plurality of instability scores
determined at operation 430 may be reduced to a statistic
indicative all the scores accumulated over the motion jitter
value count threshold m. This statistic may then be compared
against the instability level threshold to determine the initial
instability state.

An instability score may be determined through applica-
tion of various algorithms at operation 430. In an exemplary
embodiment, a set of instability motion jitter values is tested
for normality to determine levels of video motion. A premise
of'such atest is that “shaky” motion jitter within the x-dimen-
sion or y-dimension motion vector components is randomly
distributed. As such, the distribution of jitter values associ-
ated with a number of prior video frames may be scored based
on the extent to which they follow a Gaussian distribution. A
set of jitter values more normally distributed, for example,
may be assigned a higher instability score while a set of jitter
values less normally distributed may be assigned a lower
instability score. Video stabilization may then be applied
selectively to frames associated with a sufficiently high insta-
bility score (i.e., in a “shaky” state).

FIG. 5 is a data flow diagram illustrating processing of
video to determine an initial video motion instability state, in
accordance with an embodiment. The techniques illustrated
in FIG. 5 may be employed in a specific embodiment of
operations 330 and 340 in FIG. 3. As shown in FIG. 5, jitter
vector J, through J,, are associated with a last m frames
received as input video frames at operation 410. Hence, upon
receiving video frame i, a jitter vector J is computed for each
of n consecutive video frames associated with jitter vector
J,_,..; through J,. Notably, for each jitter vector J denoted in
FIG. 5, two jitter values corresponding to x and y components
of a motion vector may be computed (e.g., I, and I,
throughlJ__ . andJ ). Atoperation515, instability scores
are determined. In the exemplary embodiment, an instability
score is determined for each video frame using a statistical
method to compare the jitter values’ probability distribution
of the previous n consecutive frames. In one such embodi-
ment, each instability score is based on a hypothesis test
comparing a Gaussian distribution with a distribution of the
motion jitter values associated with the n preceding frames.
An exemplary hypothesis test (HT) is Lilliefor’s HT, which is
suitable where a mean and variance are not known. For such
an embodiment, each instability score may be O or 1, fora HT
failure and HT pass, respectively. Hence, a first instability
score is associated with a frame having corresponding jitter
value J,,. Every frame/jitter value thereafter is associated with
an instability score derived from the proceeding n frames/
jitter values until at least frame m is received. In the exem-
plary embodiment where the same instability-scoring algo-
rithm is applied as a basis for detecting a transition in the
motion jitter, every received frame in a given video is scored
over a moving widow encompassing the previous n consecu-
tive frames. Each instability score may be representative of
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both jitter value components (e.g., I, .15 I, 1), for
example taking a score of the most motion unstable compo-
nent. Alternatively, separate x and y component instability
scores may be determined.

As previously described, instability scores may be accu-
mulated up to the jitter value count threshold m, at which
point the accumulation statistic may be thresholded to deter-
mine an initial instability state from which subsequent tran-
sitions will be detected. In the exemplary embodiment illus-
trated in FIG. 5, a cumulative average instability score is
generated for each jitter value between at least J,, and J,,. The
cumulative average instability score may again be separated
by x and y components, or reduced into a worst-case insta-
bility score, etc. At operation 540, image processing-based
motion stabilization is applied in response to the instability
score statistic satistying a predetermine threshold, which may
be user programmable through an application layer. The ini-
tial instability state, and resulting application of image stabi-
lization, may be locked at the state determined based on a
cumulative average instability score at frame m. In one such
embodiment, until frame m is received, motion stabilization
is applied on a per-frame basis as a function of the instability
score(s) corresponding to the received frame. For example, a
video frame i is deemed “shaky” if the cumulative average
Gaussian distribution comparison results from a first frame
(e.g., associated with jitter value J, ) to the current frame (e.g.,
associated with jitter value J,) satisfies a predetermined level
of instability (e.g. >0.75). Otherwise the current frame is
considered a stable frame. Frame stabilization may therefore
be toggled “on” as early as the frame associated with jitter
value J,. In an alternate embodiment, no motion stabilization
is applied to any frame until frame m is received and the initial
instability state is defined based on the cumulative average
instability score (e.g., 0.75 at frame m). In either embodi-
ment, accumulation of instability scores within the first m
frames allows for increased confidence in the determined
instability state as jitter count threshold m becomes larger.

Returning to FIG. 4, if the jitter value count threshold m is
satisfied, method 401 proceeds to operation 433, where insta-
bility state transitions are monitored. In the exemplary
embodiment a change in stability level is thresholded. A
predetermined state transition threshold may again be a pro-
grammable parameter, for example selectable by an applica-
tion layer and configurable through a video processor driver.
Where the stability level change satisfies the threshold, the
video instability state (State,) is toggled to the converse of the
prior instability state (State, ;). Where the stability level
change fails to satisfy the threshold, the current instability
state is maintained. Noting that instability detection may
entail the analysis of two components (x,y) of inter-frame
motion vectors, instability state transitions may likewise take
a number of forms where the before (first) or after (second)
instability states may have instability in either or both the x
and y components. FIG. 6 is a state diagram illustrating state
transitions monitored by an adaptive motion instability detec-
tion system, in accordance with an embodiment. As depicted
motion instability is present in each of states 605 (where there
is motion shake in only x), 610 (where there is motion shake
inonly y), and 615 (where there is motion shake both x and y).
Transitions from/to any of states 605, 610, and 615 to/from
the “not shaky” state 620 is to be detected at operation 433 in
FIG. 4.

FIG. 7 is a data flow diagram illustrating processing of
video to monitor transitions in video motion instability state,
in accordance with an embodiment. The techniques illus-
trated in FIG. 7 may be employed as one specific embodiment
of operations 335 and 340 in FIG. 3. In FIG. 7, the notation
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introduced in FIG. 5 is maintained. Beginning at operation
410, jitter values J (e.g., J, .. J, ) are computed for a plurality
of frames as previously described. At operation 715, a first
instability score is determined for at least some of the plural-
ity of video frames based on their corresponding jitter values.
A second instability score is determined for at least some
other of the plurality of video frames, again based on their
corresponding jitter values. This pair of score groups may be
compared to detect a change in jitter value probability distri-
bution across video frames.

For one such an embodiment, at a frame i, 4n-2 jitter values
are employed for instability state transition detection. The
4n-2 jitter values are equally divided into two groups illus-
trated as jitter value sample windows 716 and 717, respec-
tively. In this exemplary embodiment where an instability
score is determined from n video frames, n instability scores
may be generated for each group of 2n-1 jitter values asso-
ciated with 2n-1 frames. In a further embodiment, a normal-
ity test (e.g., Lilliefor’s HT) is performed over n preceding
jitter values, to generate n instability scores indicative of jitter
values associated with n frames just as for the initial motion
instability determination described elsewhere herein. For
example, a HT score (e.g., 0 or 1) may be determined for each
frame associated with jitter value I,_,,,; through I, , .,
within the jitter sample window 716. Likewise, HT scores
may be determined for each frame associated with jitter value
J;_5,,.» through J, within the jitter sample window 717.

The first and second sets of n instability scores are then
compared at operation 718. A statistic for each of the first and
second sets of instability scores may be employed in the
comparison. At operation 740, motion stabilization may be
applied in response to a difference between the first statistic
(e.g., associated with n first normality tests from jitter sample
window 716) and the second statistic (e.g., associated with n
second normality tests from jitter sample window 717), sat-
isfying a predetermined threshold. For example, where the
statistic is an average of the instability score over n motion
jitter values, the comparison performed at operation 718 may
be the absolute difference between a summation of the insta-
bility score over the n frames within jitter sample window 716
and a summation of the instability score over the n frames
within jitter sample window 717, divided by n. Since the
probability distributions of the jitter values should change to
be more/less Gaussian with changes in motion instability, the
absolute difference between the instability scores accumu-
lated over the pair of jitter sample windows 716, 717 will
deviate when the windows straddle the instability transition
point (e.g., between jitter values J,_,,,, andJ, ., . ,inFIG.7).

If the absolute difference satisfies the threshold at opera-
tion 740 (e.g., is of sufficiently large magnitude), an instabil-
ity state transition is deemed to have occurred and the appli-
cation of motion stabilization to video frames subsequent to
frame i is toggled. For example, if motion stabilization was
“off” as of frame 1, it is turned “on” at frame i and remains on
until another instability state transition is subsequently
detected using the same algorithm. Alternatively, if motion
stabilization was “off” as of frame i, it is turned “on” at frame
i and remains on until another instability state transition is
subsequently detected. If the absolute difference fails to sat-
isfy the threshold at operation 740, the instability states over
the last 4n-2 frames are deemed sufficiently similar for the
video stabilization applied as of frame i (e.g., stabilization
either “on” or “off”) to be maintained at frame i and thereafter
until an instability state transition is subsequently detected.

FIG. 8 is an illustrative diagram of an exemplary system
800, in accordance with embodiments. System 800 may
implement all or a subset of the various functional blocks
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depicted in FIG. 2. For example, in one embodiment a graph-
ics processor 815 implements a graphics processing system
that includes the adaptive motion instability detector 140 as
was introduced in FIG. 1B, for example having one or more of
the features described elsewhere herein to perform any of the
method described in the context of FIGS. 2-7. In one specific
exemplary embodiment, graphics processor 815 includes
fixed-function and/or programmable logic circuitry within at
least one execution unit (EU), or shader core, to perform
adaptive video motion instability detection, and/or selective
motion stabilization of input video in response to detecting
motion instability, or transitions thereof, in input video. Sys-
tem 800 may be a mobile device although system 800 is not
limited to this context. For example, system 800 may be
incorporated into a laptop computer, ultra-laptop computer,
tablet, touch pad, portable computer, handheld computer,
palmtop computer, cellular telephone, smart device (e.g.,
smart phone, smart tablet or mobile television), mobile inter-
net device (MID), messaging device, data communication
device, and so forth. System 800 may also be an infrastructure
device. For example, system 800 may be incorporated into a
large format television, set-top box, desktop computer, or
other home or commercial network device.

In embodiments, platform 802 may include any combina-
tion of a chipset 805, processor 810, memory 812, storage
811, graphics processor 815, applications 816 and/or radio
818. Chipset 805 may provide intercommunication among
processor 810, memory 812, storage 811, graphics processor
815, applications 816, or radio 818. For example, chipset 805
may include a storage adapter (not depicted) capable of pro-
viding intercommunication with storage 811.

In embodiments, platform 802 may include any combina-
tion of a chipset 805, processor 810, memory 812, storage
814, graphics processor 815, applications 816 and/or radio
818. Chipset 805 may provide intercommunication among
processor 810, memory 812, storage 814, graphics processor
815, applications 816, or radio 818. For example, chipset 805
may include a storage adapter (not depicted) capable of pro-
viding intercommunication with storage 814.

Processor 810 may be implemented as one or more Com-
plex Instruction Set Computer (CISC) or Reduced Instruction
Set Computer (RISC) processors; x86 instruction set compat-
ible processors, multi-core, or any other microprocessor or
central processing unit (CPU). In embodiments, processor
810 may be a multi-core processor(s ), multi-core mobile pro-
cessor(s), and so forth.

Memory 812 may be implemented as a volatile memory
device such as, but not limited to, a Random Access Memory
(RAM), Dynamic Random Access Memory (DRAM), or
Static RAM (SRAM).

Storage 811 may be implemented as a non-volatile storage
device such as, but not limited to, a magnetic disk drive,
optical disk drive, tape drive, an internal storage device, an
attached storage device, flash memory, battery backed-up
SDRAM (synchronous DRAM), and/or a network accessible
storage device. In embodiments, storage 811 may include
technology to increase the storage performance enhanced
protection for valuable digital media when multiple hard
drives are included, for example.

Graphics processor 815 may perform processing of images
such as still or video media data for display, or perform
general computing functions in a highly parallel manner.
Graphics processor 815 may include one or more GPU, or
visual processing unit (VPU), for example. An analog or
digital interface may be used to communicatively couple
graphics processor 815 and display 820. For example, the
interface may be any of a High-Definition Multimedia Inter-
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face, Display Port, wireless HDMI, and/or wireless HD com-
pliant techniques. Graphics processor 815 may be integrated
with central processor 810 onto a single chip (i.e., SoC) as a
graphics core or provided as part of chipset 805. In some
implementations, graphics processor 815 may be a stand-
alone card communicatively coupled to chipset 805. In vari-
ous exemplary embodiments, graphics processor 815 and/or
central processor 810 invokes or otherwise implements video
motion instability mediation processes. Graphics processor
815 includes functionality to perform adaptive motion insta-
bility detection methods upon which video motion instability
mediation processes may be predicated, for example as
described elsewhere herein.

The video motion instability mediation processes predi-
cated upon adaptive motion instability detection as described
herein may be implemented in various hardware architec-
tures, cell designs, or “IP cores.” As still another embodiment,
the methods and functions described herein in the context of
graphics processor may be extended to a general-purpose
processor, including a multi-core processor. In further
embodiments, the methods and functions may be imple-
mented in a purpose-built consumer electronics device, such
as a game console processor.

Radio 818 may include one or more radios capable of
transmitting and receiving signals using various suitable
wireless communications techniques. Such techniques may
involve communications across one or more wireless net-
works. Example wireless networks include (but are not lim-
ited to) wireless local area networks (WL ANs), wireless per-
sonal area networks (WPANSs), wireless metropolitan area
network (WMANSs), cellular networks, and satellite net-
works. In communicating across such networks, radio 718
may operate in accordance with one or more applicable stan-
dards in any version.

In embodiments, HID 820 may include any television type
monitor or display. HID 820 may include, for example, a
computer display screen, touch screen display, video monitor,
television-like device, and/or a television. HID 820 may be
digital and/or analog. In embodiments, HID 820 may be a
holographic display. Also, HID 820 may be a transparent
surface that may receive a visual projection. Such projections
may convey various forms of information, images, and/or
objects. For example, such projections may be a visual over-
lay for amobile augmented reality (MAR) application. Under
the control of one or more software applications 816, plat-
form 802 may display user interface 822 on HID 820.

In embodiments, platform 802 may receive control signals
from navigation controller 850 having one or more navigation
features. The navigation features of controller 850 may be
used to interact with user interface 822, for example. In
embodiments, navigation controller 850 may be a pointing
device that may be a computer hardware component (specifi-
cally, a human interface device) that allows a user to input
spatial (e.g., continuous and multi-dimensional) data into a
computer. Many systems such as graphical user interfaces
(GUI), and televisions and monitors allow the user to control
and provide data to the computer or television using physical
gestures.

Movements of the navigation features of controller 850
may be replicated on a display (e.g., HID 820) by movements
of a pointer, cursor, focus ring, or other visual indicators
displayed on the display. For example, under the control of
software applications 816, the navigation features located on
navigation controller 850 may be mapped to virtual naviga-
tion features displayed on user interface 822, for example. In
embodiments, controller 850 may not be a separate compo-
nent but may be integrated into platform 802 and/or HID 820.
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The present disclosure, however, is not limited to the ele-
ments or in the context shown or described herein.

In embodiments, system 800 may be implemented as a
wireless system, a wired system, or a combination of both.
When implemented as a wireless system, system 800 may
include components and interfaces suitable for communicat-
ing over a wireless shared media, such as one or more anten-
nas, transmitters, receivers, transceivers, amplifiers, filters,
control logic, and so forth. An example of wireless shared
media may include portions of a wireless spectrum, such as
the RF spectrum and so forth. When implemented as a wired
system, system 800 may include components and interfaces
suitable for communicating over wired communications
media, such as input/output (I/O) adapters, physical connec-
tors to connect the /O adapter with a corresponding wired
communications medium, a network interface card (MC),
disc controller, video controller, audio controller, and the like.
Examples of wired communications media may include a
wire, cable, metal leads, printed circuit board (PCB), back-
plane, switch fabric, semiconductor material, twisted-pair
wire, co-axial cable, fiber optics, and so forth.

As described above, system 800 may be embodied in vary-
ing physical styles or form factors. FIG. 9 illustrates embodi-
ments of a small form factor device 990 in which system 1000
may be embodied. In embodiments, for example, device 990
may be implemented as a mobile computing device having
wireless capabilities. A mobile computing device may refer to
any device having a processing system and a mobile power
source or supply, such as one or more batteries, for example.

Examples of a mobile computing device may include a
personal computer (PC), laptop computer, ultra-laptop com-
puter, tablet, touch pad, portable computer, handheld com-
puter, palmtop computer, personal digital assistant (PDA),
cellular telephone, combination cellular telephone/PDA,
television, smart device (e.g., smartphone, tablet or smart
television), mobile internet device (MID), messaging device,
data communication device, and so forth.

Examples of a mobile computing device also may include
computers and/or media capture/transmission devices con-
figured to be worn by a person, such as a wrist computer,
finger computer, ring computer, eyeglass computer, belt-clip
computer, arm-band computer, shoe computers, clothing
computers, and other wearable computers. In various
embodiments, for example, a mobile computing device may
be implemented as a smart phone capable of executing com-
puter applications, as well as voice communications and/or
data communications. Although some embodiments may be
described with a mobile computing device implemented as a
smart phone by way of example, it may be appreciated that
other embodiments may be implemented using other wireless
mobile computing devices as well. The embodiments are not
limited in this context.

As shown in FI1G. 9, device 990 may include a housing 902,
a display 907, an input/output (I/O) device 906, and an
antenna 908. Device 990 also may include navigation features
912. Display 907 may include any suitable display unit for
displaying information 910 appropriate for a mobile comput-
ing device. /O device 1206 may include any suitable /O
device for entering information 910 into a mobile computing
device. Examples for /O device 906 may include an alpha-
numeric keyboard, a numeric keypad, a touch pad, input keys,
buttons, switches, rocker switches, microphones, speakers,
voice recognition device and software, and so forth. Informa-
tion 910 also may be entered into device 990 by way of
microphone (not shown), or may be digitized by a voice
recognition device. Embodiments are not limited in this con-
text.
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Embodiments described herein may be implemented using
hardware elements, software elements, or a combination of
both. Examples of hardware elements or modules include:
processors, microprocessors, circuitry, circuit elements (e.g.,
transistors, resistors, capacitors, inductors, and so forth), inte-
grated circuits, application specific integrated -circuits
(ASIC), programmable logic devices (PLD), digital signal
processors (DSP), field programmable gate array (FPGA),
logic gates, registers, semiconductor device, chips, micro-
chips, chip sets, and so forth. Examples of software elements
or modules include: applications, computer programs, appli-
cation programs, system programs, machine programs, oper-
ating system software, middleware, firmware, routines, sub-
routines, functions, methods, procedures, software
interfaces, application programming interfaces (API),
instruction sets, computing code, computer code, code seg-
ments, computer code segments, data words, values, sym-
bols, or any combination thereof. Determining whether an
embodiment is implemented using hardware elements and/or
software elements may vary in accordance with any number
of factors considered for the choice of design, such as, but not
limited to: desired computational rate, power levels, heat
tolerances, processing cycle budget, input data rates, output
data rates, memory resources, data bus speeds and other
design or performance constraints.

One or more aspects of at least one embodiment may be
implemented by representative instructions stored on a
machine-readable storage medium. Such instructions may
reside, completely or at least partially, within a main memory
and/or within a processor during execution thereof by the
machine, the main memory and the processor portions storing
the instructions then also constituting a machine-readable
storage media. Programmable logic circuitry may have reg-
isters, state machines, etc. configured by the processor imple-
menting the computer readable media. Such logic circuitry, as
programmed, may then be understood to have been physi-
cally transformed into a system falling within the scope of the
embodiments described herein. Instructions representing
various logic within the processor, which when read by a
machine may also cause the machine to fabricate logic adher-
ing to the architectures described herein and/or to perform the
techniques described herein. Such representations, known as
cell designs, or IP cores, may be stored on a tangible,
machine-readable medium and supplied to various customers
or manufacturing facilities to load into the fabrication
machines that actually make the logic or processor.

While certain features set forth herein have been described
with reference to embodiments, this description is not
intended to be construed in a limiting sense. Hence, various
modifications of the implementations described herein, as
well as other implementations, which are apparent to persons
skilled in the art to which the present disclosure pertains are
deemed to be within the spirit and scope of the present dis-
closure.

The following examples pertain to particular exemplary
embodiments.

In first embodiments, a computer-implemented video pro-
cessing method includes receiving video frames, determining
an initial state of motion instability associated with a plurality
of the frames, and monitoring for a motion instability state
transition by comparing a first level of instability associated
with a first plurality of the frames with a second level of
instability associated with a second plurality of the frames.
The method further includes toggling image stabilization of
received video frames based on the initial instability state, and
based on an instability state transition, and storing the stabi-
lized or non-stabilized video frames to a memory.
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In furtherance ofthe first embodiments, toggling the image
stabilization further includes applying motion stabilization to
received video frames in response to an initial level of insta-
bility satisfying a first threshold, and until the change in the
level of instability satisfies a second threshold. Alternatively,
toggling the image stabilization further includes bypassing
motion stabilization in response to the initial level of insta-
bility failing to satisfy the first threshold, and until the change
in the level of instability satisfies the second threshold.

In furtherance of the first embodiments, determining the
initial instability state further includes computing a motion
jitter value for each of a first plurality of video frames. Deter-
mining the initial instability state further includes determin-
ing a first instability score for at least some of the first plural-
ity of video frames, each score indicative of motion jitter
values associated with a predetermined number of prior video
frames. Determining the initial instability state further
includes determining a statistic indicative of first instability
scores accumulated over the predetermined number of first
motion jitter values. Determining the initial instability state
further includes comparing the statistic against a threshold.

In furtherance of the first embodiments, determining the
initial instability state further includes computing a motion
jitter value for each of a first plurality of video frames. Deter-
mining the initial instability state further includes determin-
ing a first instability score for at least some of the first plural-
ity of video frames, each score based on a comparison
between the Gaussian distribution and a distribution of the
motion jitter values associated with a predetermined number
of prior video frames. Determining the initial instability state
further includes determining an average of the first instability
scores over the predetermined number of first motion jitter
values. Determining the initial instability state further
includes comparing the average against a threshold.

In furtherance of the first embodiments, determining the
initial instability state further includes computing first motion
jitter values for video frames until a predetermined number of
first motion jitter values have been computed. Determining
the initial instability state further includes determining a first
instability score indicative of one or more of the first motion
jitter values. Determining the initial instability state further
includes determining a first statistic indicative of the first
instability scores accumulated over the predetermined num-
ber of first motion jitter values. Monitoring for the motion
instability state transition further includes computing second
motion jitter values for video frames after the predetermined
number of jitter values has been computed. Monitoring for
the motion instability state transition further includes thresh-
olding a comparison between one or more of the first insta-
bility scores and one or more second instability scores indica-
tive of the second motion jitter values.

In furtherance of the first embodiments, determining levels
of motion instability further includes computing a motion
jitter value for each of a plurality of video frames. Determin-
ing levels of motion instability further includes testing the
motion jitter values for normality. Toggling the image stabi-
lization based on the initial instability state further includes
applying motion stabilization to received video frames in
response to the motion jitter values satisfying the normality
test. Toggling the image stabilization based on the initial
instability state further includes bypassing motion stabiliza-
tion in response to the motion jitter values failing the normal-
ity test.

In furtherance of the first embodiments, determining levels
of motion instability further includes computing a motion
jitter value for each of a plurality of video frames. Determin-
ing levels of motion instability further includes testing the
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motion jitter values for normality. Toggling the image stabi-
lization based on the change in the level of instability further
includes modifying the application of motion stabilization to
received video frames in response to a difference between a
first statistic, associated with a first plurality of normality
tests, and a second statistic, associated with a second plurality
of normality tests, satisfying a threshold. Toggling the image
stabilization based on the change in the level of instability
further includes maintaining the application of motion stabi-
lization in response to the difference between the first and
second statistic failing to satisfy the threshold.

In furtherance of the first embodiments, monitoring for the
motion instability state transition further includes computing
a motion jitter value for each of a first plurality of video
frames. Monitoring for the motion instability state transition
further includes determining a first instability score for at
least some of the first plurality of video frames, each score
indicative of motion jitter values associated with a predeter-
mined number of prior video frames. Monitoring for the
motion instability state transition further includes determin-
ing a first statistic of the first instability scores. Monitoring for
the motion instability state transition further includes com-
puting a motion jitter value for each of a second plurality of
video frames. Monitoring for the motion instability state tran-
sition further includes determining a second instability score
for at least some of the second plurality of video frames, each
score indicative of motion jitter values associated with the
predetermined number of prior video frames. Monitoring for
the motion instability state transition further includes deter-
mining a second statistic of the second instability scores.
Monitoring for the motion instability state transition further
includes comparing a threshold to a difference between the
first and second statistic.

In furtherance of the first embodiments, receiving video
frames further comprises receiving a video frame i. Deter-
mining the initial motion instability state associated with a
plurality of the frames further includes computing a jitter
value for each of n consecutive video frames inclusive ofjitter
values J; and J,,. Determining the initial motion instability
state associated with a plurality of the frames further includes
determining an instability score for each of the n video
frames, wherein each of the instability scores is based on a
hypothesis test comparing a Gaussian distribution with a
distribution of the motion jitter values associated with n
frames. Determining the initial motion instability state asso-
ciated with a plurality of the frames further includes averag-
ing the instability scores over the n video frames. Toggling
image stabilization of received video frames based on the
initial instability state further includes toggling motion stabi-
lization to video frames received after frame i in response to
the averaged instability score satisfying a first threshold.

In furtherance of the embodiment described above, moni-
toring for the motion instability state transition further
includes computing a motion jitter value for each of 4n-2
consecutive video frames inclusive of 2n-1 frames associated
with jitter values J, through J, ,, ,, and 2n-1 frames associ-
ated with jitter values J,_,,,,, and J,_,,,, ;. Monitoring for the
motion instability state transition further includes determin-
ing a first instability score for each of n video frames ending
with video frame associated with jitter value J,_,, . ,, wherein
each of the first instability scores is based on a hypothesis test
comparing a Gaussian distribution with a distribution of the
motion jitter values associated with n frames. Monitoring for
the motion instability state transition further includes averag-
ing the first instability scores over n video frames. Monitoring
for the motion instability state transition further includes
determining a second instability score for each of n video
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frames ending with video frame i, wherein each of the second
instability scores is based on the hypothesis test. Monitoring
for the motion instability state transition further includes
averaging the second instability scores over n video frames,
and comparing a second threshold to a difference between the
first and second averaged instability score. Toggling image
stabilization of received video frames based on the change in
the level of instability further includes modifying the appli-
cation of motion stabilization to received video frames in
response to the difference between the first and second aver-
aged instability score satisfying the second threshold. Tog-
gling image stabilization of received video frames based on
the change in the level of instability further includes main-
taining an application of motion stabilization in response to
the difference between the first and second averaged instabil-
ity score failing to satisfy the second threshold.

In second embodiments, a processor includes logic cir-
cuitry to receive video frames. The processor includes motion
instability detection logic circuitry to determine an initial
motion instability state associated with a plurality of the
frames. The processor includes motion instability detection
logic circuitry to monitor for a motion instability state tran-
sition by comparing a first level of instability associated with
a first plurality of the frames with a second level of instability
associated with a second plurality of the frames. The proces-
sor includes motion instability detection logic circuitry to
toggle image stabilization of video frames based on the initial
motion instability state, and based on a motion instability
state transition.

In furtherance of the second embodiments, the motion
instability detection logic circuitry is further to apply motion
stabilization to received video frames in response to an initial
level of instability satistying a first threshold, and until the
change in the level of instability satisfies a second threshold.
The motion instability detection logic circuitry is further to
bypass motion stabilization in response to the initial level of
instability failing to satisfy the first threshold, and until the
change in the level of instability satisfies the second thresh-
old.

In furtherance of the second embodiments, the motion
instability detection logic circuitry is to compute first motion
jitter values for video frames until a predetermined number of
first motion jitter values have been computed. The motion
instability detection logic circuitry is to determine a first
instability score indicative of one or more of the first motion
jitter values. The motion instability detection logic circuitry is
to determine a statistic indicative of first instability scores
accumulated over the predetermined number of first motion
jitter values. The motion instability detection logic circuitry is
to toggle the image stabilization based on the statistic. The
motion instability detection logic circuitry is further to com-
pute second motion jitter values for video frames after the
predetermined number of jitter values has been computed.
The motion instability detection logic circuitry is further to
threshold a comparison between the first instability score and
a second instability score indicative of one or more of the
second motion jitter values, and toggle the image stabilization
based on the comparison.

In furtherance of the second embodiments, the motion
instability detection logic circuitry is to compute a motion
jitter value for each of a plurality of video frames. The motion
instability detection logic circuitry is to test the motion jitter
values for normality. The motion instability detection logic
circuitry is to perform motion stabilization on received video
frames in response to the motion jitter values satisfying the
normality test. The motion instability detection logic circuitry
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is to bypass motion stabilization in response to the motion
jitter values failing the normality test.

In furtherance of the second embodiments, the motion
instability detection logic circuitry is to compute a motion
jitter value for each of a plurality of video frames. The motion
instability detection logic circuitry is to test the motion jitter
values for normality. The motion instability detection logic
circuitry is to modify application of motion stabilization to
received video frames in response to a difference between a
first statistic associated with a first plurality of normality tests,
and a second statistic, associated with a second plurality of
normality tests, satisfying a threshold. The motion instability
detection logic circuitry is to maintain application of motion
stabilization in response to the difference between the first
and second statistic failing to satisfy the threshold.

In furtherance of the second embodiments, the motion
instability detection logic circuitry is to compute a motion
jitter value for each of a first plurality of video frames. The
motion instability detection logic circuitry is to determine a
first instability score for at least some of the first plurality of
video frames, each score based on a comparison between the
Gaussian distribution and a distribution of the motion jitter
values associated with a predetermined number of prior video
frames. The motion instability detection logic circuitry is to
determine an average of the first instability scores. The
motion instability detection logic circuitry is to compare the
average of the first instability scores against a threshold.

In third embodiments, a video processing system includes
one or more processor to receive video frames. The one or
more processor is further to determine an initial motion insta-
bility state associated with a plurality of the frames. The one
ormore processor is further to monitor for a motion instability
state transition by comparing a first level of instability asso-
ciated with a first plurality of the frames to a second level of
instability associated with a second plurality of the frames.
The one or more processor is further to toggle image stabili-
zation of received video frames based on the initial instability
state, and based on an instability state transition. The video
processing system further includes a memory coupled to the
one or more processor to store the stabilized or non-stabilized
video frames.

In furtherance of the third embodiments, the video process-
ing system further includes a display device coupled to the
memory to display the stabilized or non-stabilized video
frames.

In one or more fourth embodiment, one or more computer-
readable storage medium has instructions stored thereon,
which when executed by a processor, cause the processor to
perform a method including determining an initial motion
instability state associated with a plurality of video frames.
The instructions further cause the processor to perform the
method including monitoring for a change in the motion
instability by comparing a first level of instability associated
with a first plurality of the frames with a second level of
instability associated with a second plurality of the frames.
The instructions further cause the processor to perform the
method including toggling image stabilization of received
video frames based on the initial instability state, and based
on a change in the instability state. The instructions further
cause the processor to perform the method including storing
the stabilized or non-stabilized video frames to a memory.

In furtherance of the fourth embodiments, one or more
computer-readable storage medium further includes instruc-
tions to cause the processor to perform a method, wherein
determining the initial instability state further includes com-
puting first motion jitter values for video frames until a pre-
determined number of first motion jitter values have been
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computed. The instructions further cause the processor to
perform the method including determining a first instability
score indicative of one or more of the first motion jitter values.
The instructions further cause the processor to perform the
method including determining a first statistic indicative of the
first instability scores accumulated over the predetermined
number of first motion jitter values. The instructions further
cause the processor to perform the method including moni-
toring for the motion instability state transition by computing
second motion jitter values for video frames after the prede-
termined number of jitter values have been computed, and
thresholding a comparison between one or more of the first
instability scores and one or more second instability scores
indicative of the second motion jitter values.

It will be recognized that the embodiments are not limited
to the exemplary embodiments so described, but can be prac-
ticed with modification and alteration without departing from
the scope of the appended claims. For example, the above
embodiments may include specific combination of features.
However, the above embodiments are not limited in this
regard and, in embodiments, the above embodiments may
include the undertaking only a subset of such features, under-
taking a different order of such features, undertaking a dif-
ferent combination of such features, and/or undertaking addi-
tional features than those features explicitly listed. Scope
should, therefore, be determined with reference to the
appended claims, along with the full scope of equivalents to
which such claims are entitled.

What is claimed is:

1. A computer-implemented video processing method,
comprising:

receiving video frames;

determining an initial state of motion instability associated

with a plurality of the frames;

monitoring for a motion instability state transition by com-

paring a first level of instability associated with a first

plurality of the frames with a second level of instability

associated with a second plurality of the frames;

toggling image stabilization of received video frames

based on the initial state of motion instability, and based

on the motion instability state transition monitoring,

wherein the toggling further comprises:

applying motion stabilization to received video frames
inresponse to an initial level of instability satistying a
first threshold, and until a change between the first and
second levels of instability satisfies a second thresh-
old; or

bypassing motion stabilization in response to the initial
level of instability failing to satisty the first threshold,
and until a change between the first and second levels
of instability satisfies the second threshold; and

storing stabilized or non-stabilized video frames to a

memory.

2. The method of claim 1, wherein determining the initial
instability state further comprises:

computing a motion jitter value for each of the first plural-

ity of video frames;

determining a first instability score for at least some of the

first plurality of video frames, each score indicative of
motion jitter values associated with a predetermined
number of prior video frames;

determining a statistic indicative of first instability scores

accumulated over the predetermined number of first
motion jitter values; and

comparing the statistic against a threshold.

3. The method of claim 1, wherein determining the initial
instability state further comprises:
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computing a motion jitter value for each of the first plural-
ity of video frames;
determining a first instability score for at least some of the
first plurality of video frames, each score based on a
comparison between the Gaussian distribution and a
distribution of the motion jitter values associated with a
predetermined number of prior video frames;
determining an average of the first instability scores over
the predetermined number of first motion jitter values;
and
comparing the average against a threshold.
4. The method of claim 1, wherein:
determining the initial instability state further comprises:
computing first motion jitter values for video frames
until a predetermined number of first motion jitter
values have been computed;
determining a first instability score indicative of one or
more of the first motion jitter values; and
determining a first statistic indicative of the first insta-
bility scores accumulated over the predetermined
number of first motion jitter values; and
monitoring for the motion instability state transition fur-
ther comprises:
computing second motion jitter values for the second
plurality of video frames; and
thresholding a comparison between one or more of the
first instability scores and one or more second insta-
bility scores indicative of the second motion jitter
values.
5. The method of claim 1, further comprising
determining the first and second levels of motion instability
by computing a motion jitter value for each frame of the
first and second plurality of video frames; and
testing the motion jitter values for normality; and
wherein
toggling the image stabilization based on the initial insta-
bility state further comprises:
applying motion stabilization to received video frames
in response to the motion jitter values satisfying the
normality test; and
bypassing motion stabilization in response to the motion
jitter values failing the normality test.
6. The method of claim 1, further comprising
determining the first and second levels of motion instability
by computing a motion jitter value for each frame of the
first and second plurality of video frames; and
testing the motion jitter values for normality; and
wherein
toggling the image stabilization based on the change in the
level of instability further comprises:
modifying the application of motion stabilization to
received video frames in response to a difference
between a first statistic, associated with a first plural-
ity of normality tests determined for the first plurality
of frames, and a second statistic, associated with a
second plurality of normality tests determined for the
second plurality of frames, satisfying a threshold; and
maintaining the application of motion stabilization in
response to the difference between the first and sec-
ond statistic failing to satisfy the threshold.
7. The method of claim 1, wherein monitoring for the
motion instability state transition further comprises:
computing a motion jitter value for each of the first plural-
ity of video frames;
determining a first instability score for at least some of the
first plurality of video frames, each score indicative of
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motion jitter values associated with a predetermined
number of prior video frames;
determining a first statistic of the first instability scores;
computing a motion jitter value for each of the second
plurality of video frames;
determining a second instability score for at least some of
the second plurality of video frames, each score indica-
tive of motion jitter values associated with the predeter-
mined number of prior video frames;
determining a second statistic of the second instability
scores; and
comparing a threshold to a difference between the first and
second statistic.
8. The method of claim 1, wherein:
receiving the video frames further comprises receiving a
video frame i;
determining the initial motion instability state associated
with a plurality of the frames further comprises:
computing a jitter value for each of n consecutive video
frames inclusive of jitter values J, and I ;
determining an instability score for each of the n video
frames, wherein each of the instability scores is based
on a hypothesis test comparing a Gaussian distribu-
tion with a distribution of the motion jitter values
associated with n frames; and
averaging the instability scores over the n video frames;
and
toggling image stabilization of received video frames
based on the initial instability state further comprises:
toggling motion stabilization to video frames received
after frame i in response to the averaged instability
score satisfying a first threshold.
9. The method of claim 8, wherein:
monitoring for the motion instability state transition fur-
ther comprises:
computing a motion jitter value for each of 4n-2 con-
secutive video frames inclusive of 2n-1 frames asso-
ciated with jitter values J, through J, ,,., and 2n-1
frames associated with jitter values J and
Jianias
determining a first instability score for each of n video
frames ending with video frame associated with jitter
value J,_,,,,, wherein each of the first instability
scores is based on a hypothesis test comparing a
Gaussian distribution with a distribution of the
motion jitter values associated with n frames;
averaging the first instability scores over n video frames;
determining a second instability score for each of n
video frames ending with video frame i, wherein each
of'the second instability scores is based on the hypoth-
esis test;
averaging the second instability scores over n video
frames; and
comparing a second threshold to a difference between
the first and second averaged instability score; and
toggling image stabilization of received video frames
based on the change in the level of instability further
comprises:
modifying the application of motion stabilization to
received video frames in response to the difference
between the first and second averaged instability
score satisfying the second threshold; and
maintaining an application of motion stabilization in
response to the difference between the first and sec-
ond averaged instability score failing to satisfy the
second threshold.
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10. A processor comprising:
logic circuitry to receive video frames;
motion instability detection logic circuitry to:
determine an initial motion instability state associated
with a plurality of the frames;
monitor for a motion instability state transition by com-
paring a first level of instability associated with a first
plurality of the frames with a second level of instabil-
ity associated with a second plurality of the frames;
apply motion stabilization to received video frames in
response to an initial level of instability satistfying a
first threshold, and until a change between the first and
second levels of instability satisfies a second thresh-
old; and
bypass motion stabilization in response to the initial
level of instability failing to satisty the first threshold,
and until the change between the first and second
levels of instability satisfies the second threshold.
11. The processor of claim 10, wherein:
the motion instability detection logic circuitry is to:
compute first motion jitter values for the first plurality of
video frames until a predetermined number of first
motion jitter values have been computed;
determine a first instability score indicative of one or
more of the first motion jitter values;
determine a statistic indicative of first instability scores
accumulated over the predetermined number of first
motion jitter values;
apply or bypass motion stabilization for one or more of
the video frames based on the statistic; and
the motion instability detection logic circuitry is further to:
compute second motion jitter values for the second plu-
rality of video frames;
threshold a comparison between the first instability
score and a second instability score indicative of one
or more of the second motion jitter values; and
toggle the motion stabilization based on the comparison.
12. The processor of claim 10, wherein the motion insta-

40 bility detection logic circuitry is to:

45

compute a motion jitter value for each of the first plurality
of video frames;

test the motion jitter values for normality;

perform motion stabilization on received video frames in
response to the motion jitter values satisfying the nor-
mality test; and

bypass motion stabilization in response to the motion jitter
values failing the normality test.

13. The processor of claim 10, wherein the motion insta-

50 bility detection logic circuitry is to:
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compute a motion jitter value for each of the first plurality
of video frames;

test the motion jitter values for normality; and

modify application of motion stabilization to received
video frames in response to a difference between a first
statistic, associated with a first plurality of normality
tests determined for the first plurality of frames, and a
second statistic, associated with a second plurality of
normality tests determined for the second plurality of
frames, satistying a threshold; and

maintain application of motion stabilization in response to
the difference between the first and second statistic fail-
ing to satisfy the threshold.

14. The processor of claim 10, wherein the motion insta-

bility detection logic circuitry is to:

compute a motion jitter value for each of the first plurality
of video frames;
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determine a first instability score for at least some of the
first plurality of video frames, each score based on a
comparison between the Gaussian distribution and a
distribution of the motion jitter values associated with a
predetermined number of prior video frames; and

determine an average of the first instability scores; and

compare the average of the first instability scores against a

threshold.

15. A video processing system, comprising:

one or more processor to:

receive video frames;

compute first motion jitter values for a first plurality of
the video frames until a predetermined number of first
motion jitter values have been computed;

determine a first instability score indicative of one or
more of the first motion jitter values;

determine a statistic indicative of first instability scores
accumulated over the predetermined number of first
motion jitter values;

apply or bypass motion stabilization for one or more of
the video frames based on the statistic;

compute second motion jitter values for a second plural-
ity of the video frames;

threshold a comparison between the first instability
score and a second instability score indicative of one
or more of the second motion jitter values; and

toggle motion stabilization of received video frames
based on the comparison; and

a memory coupled to the one or more processor to store

stabilized or non-stabilized video frames.

16. The video processing system of claim 15, further com-
prising a display device coupled to the memory, and to display
the stabilized or non-stabilized video frames.

17. One or more non-transitory computer-readable storage
medium having instructions stored thereon, which when
executed by a processor, cause the processor to perform a
method comprising:

determining an initial motion instability state associated

with a plurality of video frames;

monitoring for a change in the motion instability by com-

paring a first level of instability associated with a first
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plurality of the frames with a second level of instability
associated with a second plurality of the frames;

toggling image stabilization of received video frames

based on the initial instability state, and based on a

change in the instability state, wherein the toggling fur-

ther comprises:

applying motion stabilization to received video frames
inresponse to an initial level of instability satisfying a
first threshold, and until a change between the first and
second levels of instability satisfies a second thresh-
old; or

bypassing motion stabilization in response to the initial
level of instability failing to satisty the first threshold,
and until a change between the first and second levels
of instability satisfies the second threshold; and

storing stabilized or non-stabilized video frames to a

memory.

18. The one or more non-transitory computer-readable
storage medium of claim 17, further comprising instructions
to cause the processor to perform a method for determining
the initial instability state further comprising:

computing first motion jitter values for the first plurality of

video frames until a predetermined number of first
motion jitter values have been computed;

determining a first instability score indicative of one or

more of the first motion jitter values; and

determining a first statistic indicative of the first instability

scores accumulated over the predetermined number of
first motion jitter values; and

further comprising instructions to cause the processor to

perform a method for monitoring for the motion insta-

bility state transition further comprising:

computing second motion jitter values for the second
plurality of video frames after the predetermined
number of jitter values have been computed; and

thresholding a comparison between one or more of the
first instability scores and one or more second insta-
bility scores indicative of the second motion jitter
values.



